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(54) Semiconductor Sight emitting device and method for fabricating the same 



(57) In a ll-VI group semiconductor laser, on an n 
type GaAs substrate, n type ZnSe layer, a multiquantum 
well layer of a ZnCdSe well layer and a ZnSe barrier 
layer, and a p type ZnSe layer are deposited in this 
order A poly crystal line ZnO layer is provided on both 
sides of the p type ZnSe layer for constricting current. 
Multif ilm reflecting mirrors, respectively constituted with 
a polycrystalline Si0 2 layer and a polycrystalline Ti0 2 
layer, for obtaining laser oscillation are provided on the 
p type ZnSe layer as well as on a surface of the n type 
ZnSe layer exposed by etching the GaAs substrate. Fur- 
thermore, a p type AuPd electrode and an n type 
AuGeNi electrode are respectively provided. Alterna- 
tively, on an n type GaAs substrate, an n type ZnSe epi- 
taxial layer, an n type ZnMgSSe dadding layer, an n 
type ZnSSe optical waveguide layer, a ZnCdSe active 
layer, a p type ZnSSe optical waveguide layer, a p type 
ZnMgSSe cladding layer, a p type ZnTe contact layer 
and a polycrystalline ZnO burying layer are respectively 
formed. Furthermore, a p type AuPd electrode and an n 
type In electrode are respectively provided. 
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Description 

R ACKI^P™ ™" ™ THE INVENTION 

5 1 . Field of the Invention: 

[0001] The present invention relates to a semiconductor light emitting device, such as a semiconductor laser and a 
light emitting diode, which is used in an optical disc apparatus, etc. 

w 2. Description of the Related Art: 

mmmmmm* 

SS^.^SCSS. «• -* * » occur due to the poo, adhesiveness or the porous p-openy. end 

'XEZZm ccdducWy =. po.ycxvsvalllne SO, Is «-«J^ J^JSSS 
efficiently diffuse tearesult. the threshold value of the laser oBd^i™reasosand(helile<««« WemmingOWM 

5SS"!S« 26. on the other hand, re a coee-eeotlonal view illustrating an example of >««*>•<> £ "r*™" 

so typeZnSe epitaxial layer 2602 exposed through the aperture Hicrineorf in tor evamole P D Floyd. J. K. 

[00101 Laser osculation occurring in such structure by optical excaatton xs disclosed "• ^3us<« 
Ui* H Lao., L M ,r, , Jj-^d «"J*P {J^^ESSS 

^uTSi^ 

" ^'""tSnvenuOna blue semiconductor laser 2600 having a sbucMe such as the one descnbed above has the 
ttSSXE££± « fhe e*e surface 0. th. Il-V, group semtoanduclor layer is covered »» M 
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multi-film reflecting mirrors 2605 formed of Si0 2 and SiN which are both insulators. For this reason, it is impossible that 
the current be injected through metal electrodes into the region of the active layer 2603 interposed by the multi-film 
reflecting mirrors 2605 and the path of the current be further constricted. As a result, a vertical resonator type blue sem- 
iconductor laser of a current driven type cannot be obtained, 
s [001 3] Secondly there is no etching method for a ll-VI group semiconductor layer which can maintain high etching 
speed with little damage and, at the same time, has excellent vertically. Consequently, it is impossible to form a struc- 
ture which can effectively constrict the current flow. 

[0014] Thirdly, in the multi-film reflecting mirror 2605 constituted of the polycrystalline Si0 2 layer and the polycrystal- 
line SiN layer, the difference between the refractive indices of SiO z and SiN is small and the absorption by the SiN is 

to large for wavelengths in the blue region. Consequently, it is difficult to obtain high reflectivity. 

[001 51 Fourthly in Older to form the multi-film reflective mirrors 2605 constituted of the polycrystalline Si0 2 layer and 
the polycrystalline SiN layer on the Cl-doped n type ZnSe epitaxial layer 2602, a part of the GaAs substrate 2601 on 
the rear surface must be removed to form a window from which laser output is to be taken out. At the same time, the 
surface of the Cl-doped n type ZnSe epitaxial layer 2602 must be made to be extremely smooth so as not to introduce 

is a decrease in the reflectivity. However, an etchant which has high etching speed tor GaAs but. at the same time, has 
low etching speed for ZnSe. (i.e., an etchant with high selectivity for the both) is not available in conventional art. Thus, 
when a window is formed in the GaAs substrate 2601 by etching, the surface of the Cl-doped n type ZnSe ep.tax.al layer 
2602 becomes rough. As a result, it introduces a decrease in the reflectivity. 

[001 6] Fifthly, it is difficult to form an electrode by a low temperature process on the n type GaAs substrate 2601 after 
so a window from which laser light is to be emitted is formed in the GaAs substrate 2601 . 

CIIMMARV OF THE INVENTION 

[0017] According to one aspect of the invention, a semiconductor light emitting device includes: a ll-VI group semi- 
25 conductor epitaxial layer ; and a ZnO layer provided on the I l-VI group semiconductor epitaxial layer. 
[0018] In one embodiment, the ll-VI group semiconductor epitaxial layer is a laser structure. 
[0019] According to another aspect of the invention, a semiconductor light emitting device includes: an active layer 
made of a ll-VI group compound semiconductor; a first cladding layer and a second cladding layer respectively made 
of a ll-VI group compound semiconductor which are formed so as to interpose the active layer therebetween; and a ZnO 
30 burying layer formed on the first cladding layer. 

[0020] According to still another aspect of the invention, a semiconductor light emitting device includes: a substrate, 
and an n type cladding layer, an active layer, a p type cladding layer and a p type contact layer, respectively made of a 
ll-VI group compound semiconductor, which are epitaxially grown in this order on the substrate, wherein the p type con- 
tact layer is formed in a stripe-shape, and a burying layer made of ZnO is further formed on both portions of the p type 
35 cladding layer which are located on both sides of the stripe-shaped p type contact layer. 

[0021] According to still another aspect of the invention, a semiconductor light emitting device includes a ll-VI group 
semiconductor epitaxial layer, wherein the ll-VI group semiconductor epitaxial layer further includes a layer containing 
oxygen atoms at 1 x 10 14 cm -3 or more. 

[0022] In one embodiment, the ll-VI group semiconductor epitaxial layer is a laser structure. 
[0023] According to still another aspect of the invention, a method for fabricating a semiconductor light emitting device 
includes the step of forming a ZnO layer on a ll-VI group semiconductor epitaxial layer by using a plasmarized oxygen. 
[0024] According to still another aspect of the invention, a method for fabricating a semiconductor light emitting device 
includes the steps of: immersing a metal member and a ll-VI group semiconductor member into a solvent containing an 
NO, compound; and applying a voltage between the metal member and the ll-VI group semiconductor member by 
using the metal member as a positive electrode and the ll-VI group semiconductor member as a negat.ve electrode, 
thereby forming a ZnO layer on a surface of the ll-VI group semiconductor member. 

[0025] According to still another aspect of the invention, a method for fabricating a semiconductor light emitting device 
includes the steps of . epitaxially growing, on a substrate, an n type cladding layer, an active layer, a p type cladd.ng layer 
and a p type contact layer in this order, respectively made of a ll-VI group compound semiconductor; etching the p type 
contact layer into a striped shape; and forming a burying layer made of ZnO on both portions of the p type cladd.ng layer 
which are located on both sides of the stripe-shaped p type contact layer. 

[0026] In one embodiment, a plasmarized oxygen is used in the step of forming the burying layer. 
[0027] In another embodiment, the step of forming the burying layer further includes the steps: immersing a metal 
member and a ll-VI group semiconductor member into a solvent containing an N0 3 compound; and applying a voltage 
between the metal member and the ll-VI group semiconductor member by using the metal member as a positive elec- 
trode and the ll-VI group semiconductor member as a negative electrode, thereby forming a ZnO layer on a surface of 
the ll-VI group semiconductor member. . . , , . . _ 

[0028] According to still another aspect of the invention, a semiconductor light emitting device includes: an active layer 



40 



45 



50 



55 



3 



BNSDOCID: <EP 091 8384 A2_l_> 



.1 r - ■ 

EP 0 918 384 A2 

made of a ll-VI group compound semiconductor; an upper cladding layer and a lower cladding layer respectively made 
of a ll-VI group compound semiconductor which are formed so as to interpose the active layer therebetween; and a bur- 
ying layer formed on the upper cladding layer, an oxygen ion being implanted into the burying layer. 
[0029] According to still another aspect of the invention, a semiconductor light emitting device includes: a substrate; 

s and an n type cladding layer, an active layer, a p type cladding layer and a p type contact layer, respectively made of a 
ll-VI group compound semiconductor, which are epitaxially grown in this order on the substrate, wherein the p type con- 
tact layer is formed in a stripe-shape, and a burying layer into which an oxygen ion is implanted is further formed on 
both portions of the p type cladding layer which are located on both sides of the stripe-shaped p type contact layer. 
[0030] According to still another aspect of the invention, a method for fabricating a semiconductor light emitting device 

w includes the step of implanting an oxygen ion into a predetermined region of a ll-VI group semiconductor epitaxial layer 
to form a burying layer. 

[0031 ] According to still another aspect of the invention, a method for fabricating a semiconductor light emitting device 
includes the steps of: epitaxially growing, on a substrate, an n type cladding layer, an active layer, a p type cladding layer 
and a p type contact layer in this order, respectively made of a ll-VI group compound semiconductor; etching the p type 

15 contact layer into a striped shape; and implanting an oxygen ion into predetermined regions of the p type cladding layer 
which are located on both sides of the stripe-shaped p type contact layer to form a burying layer. 
[0032] According to still another aspect of the invention, a vertical resonator type light emitting device includes a ZnO 
layer, formed on an epitaxial layer made of a ll-VI group semiconductor material, for constricting current. 
[0033] In one embodiment, the device further includes an electrode formed on the epitaxial layer in contact therewith 

20 in a ring-shape. 

[0034] According to still another aspect of the invention, a vertical resonator type light emitting device comprising: an 
active layer; a p type epitaxial layer and an n type epitaxial layer respectively made of a H-VI group semiconductor mate- 
rial which are formed so as to interpose the active layer therebetween; and a ZnO layer formed on at least one of the p 
type epitaxial layer and the n type epitaxial layer, wherein a current is constricted by the ZnO layer. 
25 [0035] In one embodiment, a mesa is formed on one of the p type epitaxial layer and the n type epitaxial layer which 
is formed on the active layer, and the ZnO layer is formed on both sides of the mesa. 

[0036] In another embodiment, the device further includes an electrode formed on at least one of the p type epitaxial 
layer and the n type epitaxial layer in contact thereto in a ring-shape. 

[0037] According to still another aspect of the invention, a vertical resonator type light emitting device includes: an 
30 active layer; a p type epitaxial layer and an n type epitaxial layer respectively made of a 1 1- VI group semiconductor mate- 
rial which are formed so as to interpose the active layer therebetween; a ZnO layer, formed on at least one of the p type 
epitaxial layer and the n type epitaxial layer, for constricting a current; a reflecting mirror, formed in a region surrounded 
with the ZnO layer, for reflecting light; and an electrode being in contact, in a ring-shape, with the epitaxial layer dis- 
posed between the reflecting mirror and the ZnO layer. 
35 [0038] In one embodiment, the reflecting mirror is a layered structure of Ti0 2 and Si0 2 . 

[0039] In another embodiment, a layered structure including the p type epitaxial layer, the n type epitaxial layer and 
the ZnO layer is formed on a GaAs substrate, and the device further comprises an electrode made of Au, Ge and Ni, 
which is in contact with the GaAs substrate. 

[0040] According to still another aspect ol the invention, a vertical resonator type light emitting device includes: a sem- 
40 iconductor substrate having an aperture of a predetermined shape; a first epitaxial layer formed on the semiconductor 
substrate; an active layer formed on the first epitaxial layer; a second epitaxial layer, formed on the active layer; a ZnO 
layer, buried on both sides of a mesa which is formed in the second epitaxial layer, for constricting current; a first reflect- 
ing mirror formed on the second epitaxial layer so as to be surrounded with the ZnO layer; and a second reflecting mir- 
ror formed on a portion of a surface of the first epitaxial layer which is exposed through the aperture of the 
45 semiconductor substrate. 

[0041] In one embodiment, the device further includes: a first electrode formed on a portion of the first epitaxial layer 
which is interposed between the ZnO layer and the first reflecting mirror; and a second electrode formed on a surface 
of the semiconductor substrate. 

[0042] In another embodiment, the semiconductor substrate is a GaAs substrate and the device further comprises an 
so electrode made of Au, Ge and NI, which is in contact with the GaAs substrate. 

[0043] In still another embodiment, each of the first and second reflecting mirrors is a layered structure of Ti0 2 and 

Si0 2 

[0044] According to still another aspect of the invention, a method for fabricating a vertical resonator type light emitting 
device includes the step of dry-etching a layer made of a ll-VI group semiconductor material using a gas which contains 
55 CH 4 , H 2 and Xe as main components. 

[0045] According to still another aspect of the invention, a method for fabricating a vertical resonator type light emitting 
device includes the steps of: growing a first epitaxial layer, an active layer and a second epitaxial layer, respectively 
made of a ll-VI group semiconductor material; and dry-etching the second epitaxial layer using a gas which contains 
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CH 4 , H 2 and Xe as main components. 

[0046] In one embodiment, the method further includes the step of burying a ZnO layer on both sides of the mesa. 
Preferably, the method further includes the step of forming a multilayered film constituted with a Ti0 2 layer and a Si0 2 
layer in a region surrounded with the ZnO layer using a plasmarized oxygen. 

5 [0047] In another embodiment, a layered structure including the first epitaxial layer, the active layer and the second 
epitaxial layer is formed on a GaAs substrate, and the method further comprises the step of etching the GaAs substrate 
with a mixed solution of NH 4 OH, H 2 0 2 and H 2 0 to form a window from which an optical output is taken out. 
[0048] According to still another aspect of the invention, the method for fabricating a vertical resonator type light emit- 
ting device includes the step of forming a layer of a material selected from the group consisting of ZnO, Ti0 2 and Si0 2 

w on an epitaxial layer made of a 1 1- VI group semiconductor material using a plasmarized oxygen. 

[0049] According to still another aspect of the invention, the method for fabricating a vertical resonator type light emit- 
ting device includes the step of etching a GaAs substrate with a mixed solution containing NH 4 OH, H 2 0 2 and H 2 0 as 
main components. 

[0050] Thus, the invention described herein makes possible the advantages of (1) providing a semiconductor light 
is emitting device in which a burying layer is formed from a material having a low refractivity suitable for providing light con- 
finement as well as a high thermal conductivity, which is formed on epitaxial layers in the II- VI group compound semi- 
conductor laser structure with high adhesiveness, as well as a method for fabricating the same, and (2) providing a 
vertical resonator type semiconductor light emitting device having a current constricting structure and emitting light with 
a low threshold current, as well as a method for fabricating the same. 
so [0051] These and other advantages of the present invention will become apparent to those skilled in the art upon 
reading and understanding the following detailed description with reference to the accompanying figures. 

BRIEF DESCRIPTION OF THE DRAWINGS 

25 [0052] 

Figure 1 is a cross-sectional view of a blue semiconductor laser in accordance with a first embodiment of the 
present invention. 

30 Figures 2A through 2E are cross-sectional views illustrating fabricating steps of the blue semiconductor laser 
shown in Figure 1 . 

Figure 3 is a cross-sectional view illustrating an apparatus for fabricating a ZnO layer in which plasmarized oxygen 
is utilized. 

35 

Figure 4 is a cross-sectional view illustrating an electrochemical apparatus for fabricating a ZnO layer. 

Figure 5 is a cross-sectional view of a blue semiconductor laser in accordance with a second embodiment of the 
present invention. 

40 

Figure 6 is a graph showing current vs. optical output characteristics of the blue semiconductor laser shown in Fig- 
ure 5. 

Figures 7A through 7D are cross-sectional views illustrating fabricating steps of the blue semiconductor laser 
45 shown in Figure 5. 

Figure 8 is a graph showing current vs. voltage characteristics of the burying layer (into which oxygen is ion- 
implanted) in the blue semiconductor laser shown in Figure 5. 

so Figure 9A is a cross-sectional view of a blue semiconductor laser in accordance with a third embodiment of the 
present invention, and Figure 9B is an enlarged cross-sectional view illustrating a multi quantumwell layer in the 
blue semiconductor laser shown in Figure 9A. 

Figure 10 is a graph showing a lateral far-field pattern for the blue semiconductor laser shown in Figure 9A. 

55 

Figure 11 is a graph showing a laser spot size in the vicinity of the laser mirror facet of the blue semi-conductor 
laser shown in Figure 9A, measured in a plane parallel to the junction plane at an output of 3 mW. 
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Rgure 12A is a view schematically illustrating a shape for the laser beam waist in the blue semiconductor laser 
shown in Figure 9A viewed from the side thereof, and Figure 1 2B is a view schematically illustrating a shape for the 
laser beam waist in the blue semiconductor laser shown in Figure 9A viewed from the top thereof. 

5 Rgure 1 3A is an isometric view illustrating a vertical resonator type blue semiconductor laser in accordance with a 

fourth embodiment of the present invention, Figure 1 3B is a cross-sectional view taken along line 1 3B-1 3B in Fig- 
ure 13A, and Figure 13C is a view three-dimensionally illustrating the cross-sectional view shown in Rgure 13B. 

Rgures 14A through 14E are cross-sectional views illustrating fabricating steps of the blue semiconductor laser 
io shown in Figures 1 3A through 1 3C. 

Rgure 15 are graphs showing current vs. laser output characteristic and current vs. voltage characteristic of the 
blue semiconductor laser shown in Figures 13A through 13C. 

15 Rgure 1 6 is a graph showing a spectrum obtained from the blue semiconductor laser shown in Figures 1 3A through 
13C 

Rgure 1 7 is a graph showing a far-field pattern for the blue semiconductor laser shown in Figures 1 3A through 1 3C. 

20 Figure 1 8 is a graph showing the etching rate vs. acceleration voltage characteristic of the blue semiconductor laser 
shown in Figures 1 3A through 1 3C. 

Figure 19A is a cross-sectional view schematically illustrating a resultant configuration obtained by a dry-etching in 
accordance with the present invention using CH 4 and H 2 with introduced Ar, and Rgure 19B is a cross-sectional 
25 view schematically illustrating a resultant configuration obtained by a conventional dry-etching technique using Cl 2 . 

Rgure 20 is a graph illustrating changes in PL intensities before and after the dry-etching. 

Figure 21 is a graph illustrating reflectivity distribution of the multif ilm reflecting film in the vertical resonator type 
30 blue semiconductor laser shown in Figures 13A through 13C. 

Rgure 22A is an isometric view illustrating a vertical resonator type blue semiconductor laser in accordance with a 
fifth embodiment of the present invention, Figure 22B is a cross-sectional view taken along line 22B-22B in Figure 
22A, and Figure 22C is a view three-dimensionally illustrating the cross-sectional view shown in Figure 22B. 

35 

Rgure 23A is an isometric view illustrating a vertical resonator type blue semiconductor laser in accordance with a 
sixth embodiment of the present invention, Figure 23B is a cross-sectional view taken along line 23B-23B in Figure 
23A, and Figure 23C is a view three-dimensionally illustrating the cross-sectional view shown in Figure 23B. 

40 Figure 24A is an isometric view illustrating a vertical resonator type blue semiconductor laser in accordance with a 
seventh embodiment of the present invention, Figure 24B is a cross-sectional view taken along line 24B-24B in Fig- 
ure 24A, and Figure 24C is a view three-dimensionally illustrating the cross-sectional view shown in Figure 24B. 

Rgure 25 is a cross-sectional view illustrating a conventional blue semiconductor laser. 

45 

Rgure 26 is a cross-sectional view illustrating a conventional vertical resonator type blue semiconductor laser. 
DESCRIPTION OF THE PREFERRED EMBODIMENTS 

so Example 1 

[0053] A first embodiment of the present invention will be described with reference to the figures. 
[0054] Figure 1 is a cross-sectional view illustrating the structure of a blue semiconductor laser 1 00 using ZnSe series 
1 1- VI group semiconductor according to the first embodiment of the present invention. 
55 [0055] In the semiconductor laser 100, a Cl-doped n type ZnSe epitaxial layer 1012 (0.03 nm thickness), a Cl-doped 
n type ZnMgSSe cladding layer 1013 (Zn 09 Mg 0 iSo.iSeo.9, 1.0 tim thickness), a Cl-doped n type ZnSSe optical 
waveguide layer 1014 (ZnSo.06Seo.94, 0.12 urn thickness), a ZnCdSe active layer 1015 (Zn 0 8 Cd 0 2 Se, 0.006 thick- 
ness), and an N-doped p type ZnSSe optical waveguide layer 1016 (ZnS 0 .o6Se 0 .94, 0A2 urn thickness) are deposited 
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in this order on an Si-doped n type GaAs substrate 1 01 1 . 

[0056] On the p type ZnSSe optical waveguide layer 1 01 6 is formed a p type ZnMgSSe cladding layer 1 01 7 such that 
a part thereof has a stripe shape, and an N-doped p type ZnTe contact layer 1018 is formed on the stripe portion. On 
the other hand, on the portion of the p type ZnMgSSe cladding layer 1017 except the stripe portion is provided a poly- 
5 crystalline ZnO burying layer 1 01 9 so as to interpose the stripe portion therebetween. Furthermore, a p type AuPd elec- 
trode 1 1 1 0 is provided on the p type ZnTe contact layer 1 01 8 and the polycrystalline ZnO burying layer 1 01 9. An n type 
In electrode 1111 is provided, on the other hand, under the n type GaAs substrate 1011. 

[0057] Among respective layers deposited as described above, the n type ZnSe epitaxial layer 1 012 does not lattice- 
match with the GaAs substrate 1011 , but functions as a buffer layer between the GaAs substrate 1011 and the upper 

70 structure constituted of the ll-VI group semiconductor materials. On the other hand, the n type ZnMgSSe cladding layer 
1013 and the n type ZnSSe optical waveguide layer 1 01 4, which are deposited on the n type ZnSe epitaxial layer 1012, 
lattice-match with the GeAs substrate 1011. Moreover, the ZnCdSe active layer 1015 deposited oh the n type ZnSSe 
optical waveguide layer 1014 does not lattice-match with the GaAs substrate 101 1, but since its thickness is as thin as 
0.006 um, which is lower than the critical film thickness, dislocation due to lattice mismatch does not occur. 

is [0058] As described above, in the semiconductor laser 100 of the present embodiment, the burying layer 1019 made 
of polycrystalline ZnO is provided which has roles of current constriction and light confinement. Because of good ther- 
mal radiation of the ZnO, the reduction of the threshold current density and the long life of the device can be realized. 
Moreover, due to effective light confinement, single transverse mode laser oscillation can be obtained. 
[0059] Although the burying layer 1 01 9 is constituted of the polycrystalline ZnO in the present embodiment, it can be 

20 constituted of monocrystalline ZnO to obtain a similar effect. 

[0060] Furthermore, ZnO is used as a material for the burying layer 1 01 9 in the above description, polycrystalline ZnS 
can be used as a material for. the burying layer 1019. However, the polycrystalline ZnS has high water absorption and 
is likely to undergo degradation due to water absorption. Furthermore, since it is brittle in terms of material strength, its 
adhesiveness to ZnSe or the like is poor. Therefore, it cannot be said that it is a highly valuable material for an insulating 

25 burying layer or an etching mask. Contrary to this, as in the present embodiment described above, by constituting the 
burying layer 1019 using ZnO, the burying layer 1019 which has low water absorption rate and has excellent adhesive- 
ness to ll-VI group compound semiconductor materials can be obtained, and a semiconductor laser with a low thresh- 
old value can be realized. 

[0061] Next, an example of the production steps of the semiconductor laser 1 00 in the present embodiment will be 
30 described with reference to Figures 2A to 2E. In the production steps in the present embodiment to be described here- 
inafter, molecular beam epitaxy is used as a growth method of ZnSe series ll-VI group semiconductor materials. 
[0062] First, as shown in Figure 2A, an n type GaAs substrate 101 1 is prepared. Then, as shown in Figure 2B, a Cl- 
doped n type ZnSe epitaxial layer 1012, a Cl-doped n type ZnMgSSE cladding layer 1013, a Cl-doped n type ZnSSe 
optical waveguide layer 1 01 4, a ZnCdSe active layer 1 01 5, an N-doped p type ZnSSe optical waveguide layer 101 6, an 
35 N-doped p type ZnMgSSe cladding layer 1017, and an N-doped p type ZeTe contact layer 1018 are successively epi- 
taxially grown on the GaAs substrate 1 01 1 . 

[0063] Next, a pattern for a resist 1 1 1 2 of stripe shape is formed by photolithography on the grown layers, specifically 
on the p type ZnTe contact layer 1018 which is the uppermost layer. Then, by using the pattern as a mask, the grown 
layers are etched into a stripe shape. Specifically speaking, as shown in Figure 2C, regions of the N-doped p type ZnM- 
40 gSSe cladding layer 1017 and the N-doped p type ZnTe contact layer 1018 which are not covered with the resist mask 
1112 are etched using a saturated bromine solution. The etchant is a mixed solution of the ratio of saturated bromine 
solution : phosphoric acid : water = 1 :2:3. 

[0064] Next, a ZnO layer 1019 is formed on the entire surface of the wafer by sputtering at a room temperature. After 
the formation of the ZnO layer 1019, the resist layer 1112 and portion of the ZnO layer deposited on the resist layer 
45 1 1 1 2 are removed with lift-off by acetone (see Figure 2D). Thereafter, a p type AuPd electrode 1 1 1 0 is formed over the 
entire upper surface of the wafer using vapor deposition as shown in Figure 2E. Furthermore, an n type In electrode 
1 1 1 1 is deposited on the lower surface of the GaAs substrate 1 01 1 also by vapor deposition. This completes the forma- 
tion of the semiconductor laser 100. 

[0065] In the above description, sputtering is used for the formation of the ZnO layer. In order to increase the dePosit 
so speed of the ZnO layer even when the process temperature is sufficiently low, it is effective to introduce oxygen in 
plasma form to the sputtering apparatins. Figure 3 is a schematic view of the apparatus 1300 to be used when the ZnO 
layer is formed using oxygen in plasma form. 

[0066] In the construction shown in Figure 3, a 1 1- VI group semiconductor material wafer 1 331 is disposed on an elec- 
trode 1336 provided within a vacuum chamber 1330. Moreover, a ZnO target 1332 is disposed on another electrode 
55 1337 so as to oppose to the wafer 1331 . Furthermore, an argon gas supply tube 1333, oxygen gas supply tube 1334, 
and an exhaust system 1335 are provided to the vacuum chamber 1330. 

[0067] Specifically, while maintaining the ZnO target 1 332 at negative voltage with respect to the wafer 1 331 , the dis- 
charge gas introduced in the vacuum chamber 1330, for example the Ar gas, is depressurized to initiate the electrical 
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discharge. The Ar ions are, thereby, accelerated toward and bombarded on the ZnO target 1332 which is being main- 
tained at the negative voltage The ZnO which is detached from the target 1 332 due to this bombardment is deposited 
on the ll-VI group semiconductor wafer (substrate) 1331 located nearby. 

[0068] In the construction of the apparatus 1300 illustrated in Figure 3. while the Ar gas is introduced into the vacuum 
5 chamber 1330 through the Ar gas supply tube 1333, oxygen is simultaneously introduced into the vacuum chamber 
1330 through the oxygen gas supply tube 1334. The oxygen which becomes plasmarized due to the electrical dis- 
charges is taken into the ZnO film deposited on the ll-VI group semiconductor substrate 1 331 . This prevents the oxygen 
from being missed in the ZnO film to be deposited, thereby obtaining a high quality ZnO film. Furthermore, even at a 
low process temperature, the deposit rate is several times faster than in a depositing method of the conventional art. 
10 [0069] Although sputtering is used to form the ZnO film in the production method of the first embodiment of the 
present invention described thereabove, it is effective as well to electrochemically oxidize the ll-VI groip semiconductor 
substrate to obtain the ZnO film. 

[0070] Figure 4 is a schematic view of an apparatus 1400 used for the electrochemical formation of a ZnO film. 
[0071] A ll-VI group semiconductor water (substrate) 1441 and an electrode 1443 are doused in an electrolytic solu- 
15 Won 1442. As the electrolytic solution, a solvent such as ethylene glycol or N-methyl acetamid added with salt such as 
KN0 3 or NH4NO3 is used. With the ll-VI group semiconductor substrate 1441 being the negative electrode and the 
electrode 1 443, made of metal such as platinum, being the positive electrode, voltage is applied between the electrodes 
1441 and 1443 to oxidize the surface of the semiconductor substrate 1441 . 

[0072] The mechanism of this oxidation is that the Zn ion detached from the boundary between the ZnSe and ZnO is 
20 transported and diffused within the ZnO film due to the electric field, and reacts with the oxygen on the surface of the 
oxide film. The growth rate of the oxide film is almost proportional to the density of the current flowing through the circuit. 
In a case of oxidation with a constant current, the voltage between the electrodes 1441 and 1443 gradually rises and 
insulation breakdown of the ZnO film occurs. Therefore, there is a limit to the thickness to be grown. Typically, about 200 
nm is the limit. 

25 [0073] By this method, a high quality ZnO film can be formed at room temperature without inflicting damage to the ll- 
VI group semiconductor substrate 1441 . 

Example 2 

30 [0074] Hereinafter, a second embodiment of the present invention will be described with reference to the figures. 
[0075] Figure 5 is a cross-sectional view illustrating the structure of a blue semiconductor laser 200 of the present 
embodiment using a ZnSe series ll-VI group semiconductor. 

[0076] In the semiconductor laser 200, a Cl-doped n type ZnSe epitaxial layer 2052, a Cl-doped n type ZnMgSSe 
cladding layer 2053, a Cl-doped n type ZnSSe optical waveguide layer 2054, a ZnCdSe active layer 2055, an N-doped 
35 p type ZnSSe optical waveguide layer 2056, and an N-doped p type ZnMgSSe cladding layer 2057 are deposited in this 
order on an Si -doped n type GaAs substrate 2051 . 

[0077] The p type ZnMgSSe cladding layer 2057 is formed so that a part thereof has a stripe shape, and an N-doped 
p type ZnTe contact layer 2058 is formed on the stripe portion. On the part of the p type ZnMgSSe cladding layer 2057 
except the stripe portion, on the other hand, is formed a burying layer 2059 which is ion-implanted with oxygen so as to 
40 interpose the stripe portion therebetween. Furthermore, a p type AuPd electrode 251 0 is provided on the p type ZnTe 
contact layer 2058 and the burying layer 2059. On the other hand, an n type In electrode 2511 is provided under the n 
type GaAs substrate 2051 . 

[0078] As described above, in the semiconductor laser 200 of the present embodiment, a layer 2059 which is ion- 
implanted with oxygen is provided as the burying layer, which plays the role of constricting the current and confining the 
45 light. Since such a layer has a good thermal radiation, the reduction of the threshold current density and the long life of 
the device can be realized. 

[0079] Moreover, a difference in refractivity in a preferred range with respect to the cladding layer 2057 is achieved, 
as in the case of the ZnO burying layer of the first embodiment. Thus, an effective light confinement is realized, and sta- 
ble single transverse mode laser oscillation can be obtained. 
50 [0080] In the semiconductor laser 200 of the present structure, a continual oscillation at room temperature is realized 
at a wavelength of about 500 nm. Figure 6 is a graph illustrating current-optical output characteristics of the semicon- 
ductor laser 200, obtained when continuously oscillated at room temperature with the cladding layer 2057 having a 5 
11 m wide stripe. 

[0081] Next, an example of production steps of the semiconductor laser 200 in the present embodiment will be 
55 described with reference to Figures 7A through 7D. In the production steps of the present embodiment to be described 
below, molecular beam epitaxy is used as a growth method for ZnSe series ll-VI group semiconductor materials. 
[0082] First, as shown in Figure 7A, an n type GaAs substrate 2051 is prepared. Then, as shown in Figure 7B, a Cl- 
doped n type ZnSe epitaxial layer 2052, a Cl-doped n type ZnMgSSe cladding layer 2053, a Cl-doped n type ZnSSe 
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optica! waveguide layer 2054, a ZnCdSe active layer 2055, an N-doped p type ZnSSe optical waveguide layer 2056, an 
N-doped p type ZnMgSSe cladding layer 2057, and an N-doped p type ZnTe contact layer 2058 are epitaxially grown 
in this order on the GaAs substrate 2051 . 

[0083] Next, a pattern of a resist 2512 of stripe shape is formed by photolithography on the grown layers, specifically 
s on the p type ZnTe contact layer 2058 which is the uppermost layer, and using the pattern as a mask, oxygen ions are 
implanted to the grown layers as shown in Figure 7C. 

[0084] Thereafter, the resist layer 2512 is removed using lift-off by acetone (see Figure 7D). And then, a p type AuPd 
electrode 251 0 is formed on the entire upper surface of the wafer by vapor deposition as shown in Figure 7D. Further- 
more, then, an n type In electrode 251 1 is deposited on the rear surface side of the GaAs substrate 2051 also by vapor 

10 deposition. This completes the formation of the semiconductor laser 200. 

[0085] Conditions for the ion implantation are, for example, set for the acceleration voltage of 90 V and the dosage of 
1 x 10 13 cm 3 . In this case, the range calculated from LSS theory is R p = 0.14 ^m. As a result, oxygen ions 2513 are 
implanted into portions of the p type ZnMgSSe cladding layer 2057 and the p type ZnTe contact layer 2058 which are 
not covered by the resist 2512, thereby forming the implanted layer 2059. 

75 [0086] When oxygen is ion-implanted into a ZnSe series ll-VI group semiconductor, it is preferable that the dosage 
be between 5 x 10 12 cm" 2 and 1 x 10 14 cm' 2 . The dosage in this range provides concentration of the implanted oxygen 
impurities of 1 x 10 14 cm" 3 or more to a region of a thickness of 2R p (0.28 urn). Thus, the region obtains a high resistivity 
to be highly insulative. For a dosage exceeding this range, the influence of the irradiation damage deficiency on an 
active layer, characteristic to ll-VI group materials, becomes large and it becomes difficult to obtain laser oscillation. For 

20 a dosage not reaching this range, it becomes difficult to obtain high resistivity and therefore a ZnSe series ll-VI group 
semiconductor cannot be used as an insulating burying layer. 

[0087] Figure 8 illustrates current-voltage characteristics in the layer 2059 to which oxygen is ion-implanted in an 
attempt to show that the layer 2059 is insulative. From the figure, it can be seen that current does not flow at all when 
voltages in the range from -20 V to +20 V are applied to the layer 2059, thereby exhibiting effective insulation. Although 
25 a heat treatment at 275°C is conducted for ten minutes after the ion implantation in the present embodiment, this can 
possibly be omitted depending on the dosage. 

Example 3 

30 [0088] In a blue-green semiconductor laser, the realization of small astigmatism and stable fundamental transverse 
mode oscillation is required for the application to high density optical disk memories and laser printers. Index guiding 
effect in a buried ridge structure is effective to realize such characteristics. A real index-guided blue-green semiconduc- 
tor laser which decreases beam astigmatism by using a ZnO burying layer and realizes stable transverse mode oscil- 
lation will be described as a third embodiment of the present invention. 

35 [0089] Figure 9A is a cross-sectional view illustrating the structure of a ZnCdSe/ZnSSe/ZnMgSSe SCH index-guided 
laser 300 of the present embodiment. 

[0090] In the semiconductor laser 300, a Cl-doped n type ZnSe epitaxial layer 3092 (0.01 *im thickness), a Cl-doped 
n type ZnMgSSe cladding layer 3093 (Zno^Mgo.fSo .tSe a9 . 2.0 urn thickness), a Cl-doped n type ZnSSe optical 
waveguide layer 3094 (ZnSo.oeSeo.94. 0.11 urn), a ZnCdSe active layer 3095 (Zno 8 Cdo. 2 Se, 0.006 *im), and an N- 
40 doped p type ZnSSe optical waveguide layer 3096 (ZnS 0 .o6$e 0 .94, 0.12 jim thickness) are deposited in this order on an 
Si-doped n type GaAs substrate 3091 . 

[0091 ] The p type ZnMgSSe cladding layer 3097 is formed such that a part thereof has a stripe shape. The thickness 
of in the strip-shaped region is about 0.74 fim, and that in the other region is about 0.23 urn. An N-doped p type ZnTe 
contact layer 3912 is formed above the stripe portion with the inclusion therebetween of deposited layers of a p type 

45 ZnSSe layer 3098 (ZnS 0 .o6Se 0 .94, 0.45 urn) which lattice-matches to the GaAs substrate 3091 , a p type ZnSe layer 
3099, and a multiquantum well layer 3911 which is made of p type ZnTe and p type ZeSe. On the other hand, a ZnO 
burying layer 391 3 is provided both on the part of the p type ZnMgSSe cladding layer 3097 except the stripe portion and 
on the side of the stripe portion. Furthermore, a p type AuPd electrode 3914 is provided on the p type ZnTe contact layer 
3912 and the polycrystalline ZnO burying layer 3913. On the other hand, an n type In electrode 3915 is provided under 

so the n type GaAs substrate 3091 . 

[0092] Among the respective layers deposited as described above, the n type ZnSe epitaxial layer 3092 does not lat- 
tice-match with the GaAs substrate 3091 but functions as a buffer layer between the GaAs substrate 3091 and the 
upper structure constituted of the ll-VI group semiconductor materials. On the other hand, the n type ZnMgSSe clad- 
ding layer 3093 and the n type ZnSSe optical waveguide layer 3094 which are deposited on the n type ZnSe epitaxial 

55 layer 3092 lattice-match with the GaAs substrate 3091 . Moreover, the ZnCdSe active layer 3095 deposited on the n type 
ZnSSe optical waveguide layer 3094 does not lattice-match with the GaAs substrate 3091 , but since its thickness is as 
thin as 0.006 ^m, which is lower than the critical film thickness, the dislocation due to lattice mismatch does not occur. 
[0093] Furthermore, the p type ZnSSe layer 3098 on the p type ZnMgSSe cladding layer is inserted in order to ease 
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a sudden change in band off-set between the p type ZnMgSSe layer 3097 and the p type ZnSe layer 3099. Moreover, 
the multiquantum well layer 391 1 includes ZnSe layers and ZnTe layers which are alternately deposited as illustrated in 
Figure 9B, so that the composition of the multiquantum well layer 391 1 changes gradually between the underlying ZnSe 
layer 3099 and the overlying ZeTe layer 391 2. 
s [0094] As described above, in the semiconductor laser 300 of the present embodiment, the burying layer 391 3 made 
of ZnO, whose refractive index is about 2.2, is provided, which plays the role of constricting the current and confining 
the light. Since ZnO has good thermal radiation, the reduction of the threshold current density and the long life of the 
device can be realized. Moreover, due to on effective light confinement, stable single transverse mode laser oscillation 
can be obtained. 

10 [0095] The epitaxial growth of each of the above-mentioned layers is conducted at a growth temperature of about 
270°C. Moreover, the ridged waveguide structure is formed by using a load-locked electron cyclotron resonance (ECR) 
plasma etching system. The laser structure is formed by using the electrical discharge of Cl 2 gas and H 2 gas. Due to 
the anisotropic characteristics of the ECR plasma etching, the side wall of the ridge portion can be formed vertical and 
the surface thereof can be made smooth, thereby forming a ridge pattern with high precision. 

15 [0096] The characteristics of the semiconductor laser 300 of the present embodiment under pulsed operation at a 
room temperature will be described as follows. Typically, the light output versus current characteristics is kink-free to 
greater than 200 mA. The threshold current is about 200 mA. 

[0097] Furthermore, the result of the investigation of the far-field pattern of the lasing mode will be described as fol- 
lows. Figure 10 illustrates the lateral far-field pattern of the laser with a 5-jim-wide ridge. 

20 [0098] From the figure, it can be seen that, even if the injection current is changed over a wide range to change the 
optical output power, the output beam is anastigmatic and has a constant far-field full angle. This indicates that a real 
index guiding mode in the lateral direction is achieved. Furthermore, the constant shape in the lateral direction for the 
various injected currents implies that single lateral mode oscillation is achieved up to 18 mW of the output. The lateral 
far-field radiation angle is as narrow as 7° above the threshold. 

25 [0099] Figure 11 shows a laser spot size in the vicinity of the laser mirror facet measured in a plane parallel to the 
junction plane at an output of 3 mW. 

[0100] Generally, the distance between the laser waist (i.e., the portion which has the least laser spot diameter) and 
the laser mirror facet is called the astigmatism. As illustrated in Figure 1 1 , although the astigmatism of a semiconductor 
laser having a structure of the conventional art is about 25 urn, the astigmatism in the present embodiment is 0.5 jim 

30 or lower due to the real index guiding structure. Therefore, according to the present embodiment, as illustrated in Fig- 
ures 1 2A and 1 2B, the beam waist is located at the laser mirror facet whether it is viewed from the side (Figure 1 2A) or 
from the top (Figure 12B). This makes it possible to minimize the beam spot diameter when stopping the lens. 
[0101] In the semiconductor lasers described in the above respective embodiments, the stripe of the cladding layer 
typically has a width of about 5 \im. 

35 [0102] Although an example of a ZnSe series ll-VI group semiconductor laser is illustrated in the above description 
of the present embodiment, it goes without saying that the present invention can be applied to a ZnS series ll-Vl group 
semiconductor laser. 

[0103] As described above, in the first, second, and third embodiments of the present invention, the ZnO layer is 
formed on the ll-Vl group semiconductor epitaxial structure included in the blue semiconductor laser structure to be 
40 used as the insulating burying layer. This ZnO layer can be formed, for example, by using oxygen in plasma form. Alter- 
natively, the ZnO layer can be formed on the surface of a li-VI group semiconductor member by immersing a metal 
member and the ll-Vl group semiconductor member in a solvent containing an N0 3 compound and applying voltage 
between the two members, the metal member being a positive electrode and the ll-Vl group semiconductor member 
being a negative electrode. 

45 [0104] Alternatively, according to the present invention, a layer containing oxygen of 1 x 10 14 cm* 3 or more can be 
formed in the ll-Vl group semiconductor epitaxial structure included in the blue semiconductor laser structure to be used 
as the insulating burying layer. In this case, oxygen can be added by using accelerated oxygen ions. 
[0105] The ZnO layer used as a material for the insulating burying layer in the pregent invention is one of several ll- 
Vl group compound semiconductor materials, and hag extremely excellent adhesiveness for materials such as ZnSe, 

so ZnSSe, and ZnMgSSe. It also has excellent anti-acid and anti-oxidation properties. Furthermore, it has almost zero 
water absorption property band excels in the stability of shape and dimensions. 

[0106] Moreover, ZnO has an extremely good thermal conductive property and its thermal conductivity is almost 30 
times as large as that of Si0 2 . Therefore, by using ZnO as the insulating burying layer, heat generated in the active layer 
efficiently diffuses through the ZnO insulating burying layer. 
55 [0107] Furthermore. ZnO has a smaller refractive index compared with ZnSe. ZnSSe, ZnMgSSe, etc., and the differ- 
ence therebetween is in the preferable range. 

[0108] Specifically, the refractive index of the cladding layer is typically about 2.5 to 2.6, while that of the ZnO layer 
constituting the insulating burying layer is typically about 2.2. When the difference of refractive index between the clad- 
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ding layer and the insulating burying layer is in such a range, stable single transverse mode laser oscillation is achieved 
even with a cladding layer having a striped portion with a enlarged width as large as 5 to 10 ^m. Contrary to the above, 
the conventional Si0 2 insulating burying layer typically has a refractive index of about 1 .4, resulting in a large difference 
with respect to the refractive index of the cladding layer. As a result, in order to achieve a stable single transverse mode 
5 laser oscillation, the width of the stripe in the cladding layer has to be reduced to about 2 urn. it is, however, difficult to 
fabricate the stripe with such a small width. 

[0109] Thus, the ZnO insulating burying layer effectively functions as a light confinement layer in the lateral direction. 
[0110] As described above, in the first through third embodiments of the present invention, a ZnO layer, or a ZnSe 
series semiconductor layer added with oxygen, is used as the burying layer of the semiconductor laser. This improves 
10 the adhesiveness of the burying layer for the ZnSe series semiconductor layer and the thermal diffusion. For this rea- 
son, a low threshold current density, long life, high power, high temperature operation, etc., which could not be realized 
conventionally, can be obtained in a ZnSe series blue semiconductor laser, and its industrial value is extremely high. 

Example 4 

15 

[01 11 ] A fourth embodiment of the present invention will be described with reference to the figures. 
[0112] Figures 13A, 13B, and 13C illustrate the structure of a vertical resonator type blue semiconductor laser 400 
using a ZnSe series ll-VI group semiconductor according to the present invention. Specifically, Figure 1 3A is an isomet- 
ric view illustrating the appearance of the semiconductor laser 400, Figure 13B is cross-sectional view taken along the 

20 line 13B-13B in Figure 13A, and Figure 13C expresses the cross-section shown in Figure 13B three-dimensionally. 
[01 1 3] In the semiconductor laser 400, a Cl-doped n type ZnSe epitaxial layer (cladding layer) 401 2, a muitiquantum 
well layer 4013 which is constituted of ZnCdSe well layers and ZnSe barrier layers and functions as an active layer, and 
an N-doped p type ZnSe epitaxial layer (cladding layer) 4014 are deposited in this order on an Si-doped n type GaAs 
substrate 4011 . Disposed on both sides of the p type ZnSe epitaxial layer 4014 is a polycrystalline ZnO burying layer 

25 4015 to constrict current Multifilm reflecting mirrors 401 7p and 401 7n are formed on the p type ZnSe epitaxial layer 
4014 and on the surface of the n type ZnSe layer 4012 exposed by etching a part of GaAs substrate 401 1 , respectively, 
and they functions as reflecting mirrors for obtaining laser oscillation. Furthermore, a p type AuPd electrode 4016 is 
formed on the ZnO burying layer 4015 so as to cover the reflecting mirror 401 7p, and on the other hand, an n type 
AuGeNi electrode 4018 is provided on the rear surface of the n type GaAs substrate 4011 . 

30 [0114] In Figure 13A, the reflecting minor 4017p is invisible as it is covered with the electrode 4016. The reflecting 
mirror 401 7n is also invisible in Figure 1 3A which is formed at the location corresponding to the bottom of an aperture 
(window) 4020 formed at the center of the GaAs substrate 4011 . From Figure 13C, it can be seen that the reflecting 
mirror 401 7p is cylindrical in shape. 

[01 1 5] When voltage of 20 V is applied between the p type electrode 401 6 and the n type electrode 401 8 of this sem- 
35 iconductor laser 400, the current injected through the p type electrode 4016 does not flow through the portion of the 
ZnO burying layer 4015. That is, the current is constricted and flows into the muitiquantum well layer 4013 through the 
ring-shaped area between the ZnO burying layer 4015 and the reflecting mirror 401 7p, thereby generating light. 
[0116] The generated light is reflected by the upper/lower reflecting mirrors 401 7p and 401 7n. The reflecting mirror 
401 7p has high reflectivity due to a large number of layers being deposited. Typically, the reflectivity of the reflecting 
40 mirror 401 7p is 99%. On the other hand, the reflectivity of the reflecting mirror 401 7n is typically 95%. Therefore, laser 
light is emitted from the side of the reflecting mirror 401 7n, as illustrated by an arrow. 

[0117] Next, production steps of the semiconductor laser 400 will be described with reference to Figures 14A to 14E. 
Molecular beam epitaxy is used as a growth method of a ZnSe series ll-VI group semiconductor material in the present 
embodiment. 

45 [01 1 8] First, a Cl-doped n type ZnSe epitaxial layer 401 2, a muitiquantum well layer 401 3 constituted of ZnCdSe well 
layers and ZnSe barrier layers, and an N-doped p type ZnSe epitaxial layer 4014 are epitaxially grown in this order on 
an Si<loped n type GaAs substrate 4011. In Figures 14A to 14E, however, boundaries among the GaAs substrate 
401 1 , the n type ZnSe epitaxial layer 401 2, and the muitiquantum well layer 4013 are not drawn for simplification. 
[01 1 9] Next, processes for the upper surface side of the semiconductor lager 400 will be described as follows. 

so [0120] A resist pattern 4019 of a cylindrical shape (16 urn diameter) is formed on the N-doped p type ZnSe epitaxial 
layer 4014 by photolithography. Then the N-doped p type ZnSe epitaxial layer 4014 is etched using the resist pattern 
4019 as a mask. By doing so, as shown in Figure 14A, the thickness of a region of the p type ZnSe epitaxial layer 4014 
which is covered with the resist pattern 401 9 is maintained while the thickness of other regions thereof is reduced. 
[01 21 ] Thereafter, a polycrystalline ZnO burying layer 401 5 is deposited by sputtering on the region of the p type ZnSe 

55 epitaxial layer 4014 whole thickness has been reduced. Furthermore, by conducting lift-off, a polycrystalline ZnO bury- 
ing structure for current constriction is produced as shown in Figure 14B. 

[01 22] Next, a resist pattern to be a window (1 2 jim diameter) for forming a multifilm reflecting mirror 401 7p is formed 
by photolithography, and the multifilm constituted of polycrystalline Si0 2 layers and polycrystalline Ti0 2 layers is depos- 
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ited thereon by sputtering. Lift-off is, then, conducted to form the multif Dm reflecting mirror 401 7p of a cylindrical shape 
of a diameter of 12 ^m on the upper surface side of the semiconductor laser 400 as shown in Figure 14C. 
[0123] Next, a p type AuPd electrode 4016 is formed on the N-doped p type ZnSe epitaxial layer 4014. Specifically, a 
Pd layer of 10 nm thickness is deposited over the entire surface of the p type ZnSe epitaxial layer 4014, and an Au layer 

5 of 200 nm thickness is deposited thereon. By doing this, the p type electrode structure in which the AuPd electrode 
4016 makes contact with the N-doped p type ZnSe epitaxial layer 4014 in the ring-shaped area can be produced. 
[0124] Next, processes on the rear surface side of the semiconductor laser 400 will be described. 
[0125] First, in order to facilitate the photolithographic process, the In sticking to the Si-doped n type GaAs substrate 
401 1 is removed by etching by using an HCI solution. Next, an alloy layer remaining on the exposed surface is removed 

70 by grinding, and the GaAs substrate 401 1 is further etched until the thickness thereof becomes 1 40 nm using a mixed 
solution whose mixing ratio is H 2 S0 4 :H 2 02:H 2 0 - 1:8:1. 

[0126] Next, the GaAs substrate 401 1 is further etched and a window of 30 jim diameter is opened to expose the n 
type ZnSe epitaxial layer 4012. This is the region where the multif ilm reflecting mirror 401 7n to be formed on the rear 
surface of the semiconductor laser 400 makes contact, and the process is conducted considering the fact that the GaAs 

is substrate 401 1 is not transparent to wavelengths of the color blue. Specifically, a resist pattern is formed by photolithog- 
raphy and, then, the GaAs substrate 4011 is etched by using a mixed solution as an etchant whose mixing ratio is 
NH 4 OH:H 2 02:H20 = 3:66:20 to open a window of a desired shape and size. Since the etching rate of the above-men- 
tioned etchant for GaAs is 20 times larger as that of the game etchant for ZnSe, the etching halts when all GaAs is 
etched off and the ZnSe is exposed. By doing this, an extremely flat ZnSe surface can be exposed. Furthermore, with 

20 the prescribed window 4020 provided in the GaAs substrate 4011 , the multif ilm constituted of polycrystalline Si0 2 lay- 
ers and polycrystalline Ti0 2 layers is deposited, by sputtering, on the GaAs substrate 4011 as well as on the n type 
ZnSe epitaxial layer 4012 exposed at the bottom of the window 4020. Lift-off is then conducted and the murtrfilm reflect- 
ing mirror 4017n (see Figures 13B and 13C), which is to be an emitting window ol laser light on the rear surface side 
of the semiconductor laser 400, is produced. 

25 [0127] The composition of the etchant which can be used in the present embodiment is not limited to the above 
described values. Specifically, provided that NH 4 OH is in the range of 2 to 5, H 2 0 2 is in the range of 30 to 70, and H 2 0 
is in the range of 10 to 40, the similar effect can be obtained. 

[0128] Furthermore, the area of the multif ilm reflecting mirror 401 7n is again covered with a resist pattern by photo- 
lithography and, then, an Ni film of 5 nm thickness, a Ge film of 20 nm thickness, an Au film of 30 nm thickness, a Ge 
30 film of 20 nm thickness, an Au film of 60 nm thickness, an Ni film of 40 nm thickness, and an Au film of 1 00 nm thickness 
are deposited thereon in this order. Lift-off is finally used to produce an n type AuGeNi electrode 4018. The heat treat- 
ment temperature then is typically 230°C. 

[0129] Although a multifilm of Ni/Ge/Au is used in the present embodiment for forming the n type AuGeNi electrode 
4018, rf the thickness of the Ni film as the first layer is set in the range of 5 to 20 nm, then the direct deposition of an 

35 AuGe alloy thereon yield the similar effect. 

[0130] Figure 1 5 is a graph illustrating the current versus laser output characteristics and the current versus voltage 
characteristics of the vertical resonator type blue semiconductor laser 400 of the present embodiment. Specifically, it 
shows the measured results obtained during a pulsed operation at the liquid nitrogen temperature (77K). 
[0131] From the figure, the current value at which laser output rises, i.e., the threshold current is about 3 mA, and 

40 extremely small threshold current is being obtained. 

[0132] Figure 1 6 shows a spectrum of the emitted light from the vertical resonator type blue semiconductor laser 400 
of the present embodiment. Specifically, it shows the measured results obtained during a pulsed operation at the liquid 
nitrogen temperature (77K). The solid line (a) represents a spectrum when the drive current takes the value which is 
twice the threshold current l^ and the dotted line (b) is a spectrum when the drive current takes a value which is 0.9 

45 times the threshold current l th . 

[0133] From the figure, it can be confirmed that in (b) where the drive current is below the threshold current, broad 
naturally-emitted light is observed but, in (a) where the drive current is above the threshold current, a sharply peaked 
spectral line is obtained, indicating that a laser oscillation is being obtained. The laser oscillation wavelength is 484 nm 
and the spectral line width of the laser oscillation line is 0.9 nm. 

so [0134] Figure 17 shows a far-field pattern of the vertical resonator type blue semiconductor laser 400 of the present 
embodiment. Specifically, it shows the measured results obtained during a pulsed operation at the liquid nitrogen tem- 
perature (77K). 

[0135] From the figure, it can be seen that the radiation angle obtained is about 7°, which is an extremely narrow 
angle. The reason is as follows. The semiconductor laser 400 of the present embodiment has the p type electrode struc- 
55 ture in which the AuPd electrode 4016 makes contact with the N-doped p type ZnSe epitaxial layer 4014 in the ring- 
shaped area, and the polycrystalline ZnO burying structure further constricts the current into a cylindrical shape. Con- 
sequently, the current flows in cylindrical configuration from the AuPd electrode 4016 in a ring-shape and is injected into 
the multiquantum well layer 4013 which acts as the active layer. As a result, the laser beam to be emitted becomes 
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round in shape. Since the diameter of the emitting facet is comparatively as large as 12 pm, an extremely small radia- 
tion angle can be obtained. 

[0136] In forming the semiconductor laser 400 of the present embodiment, when the N-doped p type ZnSe epitaxial 
layer 401 4 is etched using the resist pattern 4019 of a cylindrical shape (16 \im diameter) as a mask, a mixed solution 

5 of saturated bromine solution, phosphoric acid, and water (mixing ratio being, for example, 1 :2.3) can possibly be used 
to conduct the wet etching instead of the aforementioned etchant. However, in a wet etching, there often arises surface 
roughness due to etching or the difficulty of obtaining a smoothly etched side wall. On the other hand, a dry etching 
using a hydrocarbon based gas is recently receiving much attention as a method of fine processing on compound sem- 
iconductors, and there have been several reports on a reactive ion etching on ZnSe using a hydrocarbon based gas for 

io example, in Nikaido et al., The Extended abstracts of the Spring Convention of the Japanese Society of Applied Physics 
(1995), 30p-ZN-15, or in Ohtsuka et al., J. Appl. Phys. 75 (1994) 8231. Even with this dry etching using a hydrocarbon 
based gas, however, there are some problems such as a slow etching rate. 

[0137] In the present invention, however, an ECR etching which uses a mixed gas which combines Xe gas to CH4/H2 
based gas is conducted. 

is [0138] Figure 18 is a graph illustrating an acceleration voltage dependence of the etching rate. Specifically, it illus- 
trates data obtained during etching a ZnSe layer and a ZnMgSSe layer grown on a GaAs substrate by MBE with two 
different gases, one being a mixed gas of CH 4 gas and H 2 gas and another being this mixed gas further including Xe 
gas. 

[0139] From the graph, it can be seen that when Xe gas is added to discharge gas, the etching rate rapidly increases 
20 as the acceleration voltage increases in either case of ZnSe or ZnMgSSe. For example, for an accelerating voltage of 
700 V, the etching rate becomes about 20 times greater than that without introducing Xe gas in either case of ZnSe or 
ZnMgSSe. 

[0140] The data shown in Figure 18 are obtained for the gas flow rate of CH 4 being 1 seem, the gas flow rate of H 2 
being 3 seem, and the gas flow rate of Xe being 0.8 seem. However, specific values are not limited thereto, and if a con- 

25 dition that the ratio of the flow rate o f the Xe to the flow ra te of the CH 4 (Xe/CH 4 ) i s more tha n 0.5 and less than 1 .5 (i.e., 
0.5<Xe/CH 4 <1 .5) is satisfied, carbon compound formed on the etching surface can effectively be removed due to the 
action of the Xe gas, and the etching characteristics such as the one described above can possibly be obtained. 
[0141] Figure 19A is a cross-sectional view schematically illustrating the etched shape obtained by a dry etching 
which uses methane and hydrogen added with Xe gas in accordance with the present embodiment, and Figure 19B is 

30 a cross-sectional view schematically illustrating an etched shape obtained by a dry etching which uses chlorine in 
accordance with the conventional art. According to the method of the present embodiment, as shown in Figure 1 9A, the 
etched surface obtained is extremely flat, while the etched surface is roughened in the conventional technique as shewn 
in Figure 19B. In particular, in the vertical direction, a smooth etched side wall with an etching angle of about 80° can 
be obtained. 

35 [0142] The side wall having excellent vertically such as this is advantageous in realizing effective current constriction. 
If the side wall is not formed vertically but has a cross-section of a trapezoidal shape with a spreading base, the current 
is not sufficiently constricted but spreads, and the current does not concentrate in the active layer. However, by intro- 
ducing the Xe gas and conducting the dry etching as in the present embodiment, an etched side wall with excellent ver- 
tically is formed and a structure suitable for current constriction is obtained. 

40 [0143] Figure 20 is a graph illustrating changes in PL intensities measured as grown (before etching), as dry-etched, 
and as wet-etched after the dry-etching is completed, respectively, for both a dry etching using methane and hydrogen 
added with Xe gas in accordance with the present embodiment and a dry etching using chlorine in accordance with the 
conventional art. In the dry etching using chlorine in accordance with the conventional art, the PL intensity rapidly 
decreases after the implementation of the dry etching. On the other hand, in the dry etching by methane and hydrogen 

45 added with Xe gas of the present embodiment, the decrease in the PL intensity is hardly observed even after the imple- 
mentation of the dry etching. This means that damage inflicted upon the to-be-processed surface by the etching is 
extremely small in the dry etching by methane and hydrogen added with the Xe gas of the present embodiment. 
[0144] Although, in the above description, etching characteristics toward ZnSe and ZnMgSSe are described, the 
equivalent etching rate can be realized and a similarly smoothly etched surface can also be obtained for ZnSSe or 

so CdZnSe. 

[0145] The polycrystalline ZnO burying layer 401 5 is used for current constriction as described above. This is for the 
reasons to be described below. 

[0146] In a lll-V group compound semiconductor laser such as GaAs, a polycrystalline Si0 2 burying layer is conven- 
tionally used. This polycrystalline Si0 2 burying layer is typically formed by chemical vapor deposition or the like. How- 
55 ever, the crystal growth temperature of a ZnSe series ll-VI group compound semiconductor material is generally about 
250°C, which is very low. Therefore, in order not to generate crystal deterioration in the ZnSe series ll-VI group com- 
pound semiconductor layer during the step of forming the polycrystalline Si0 2 burying layer which is conducted after 
the formation of a layer made of a ZnSe series ll-VI group compound semiconductor material, the polycrystalline Si0 2 
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burying layer must be formed with a temperature lower than the growth temperature of the ZnSe series 1 1- VI group com- 
pound semiconductor layer. 

[0147] However, Si0 2 formed with such low temperature becomes a porous polycrystalline. As a result, the adhesion 
to a ZnSe layer or the like becomes extremely poor so that a peel or the like easily occurs. Therefore, it is questionable 
5 to use Si0 2 as an insulating burying layer. Moreover, also in a case where the polycrystalline Si0 2 burying layer is used 
as a mask during etching, side etch or the like is likely to occur due to its poor adhesion or porous property, and it is not 
a valuable mask material. 

[0148] Furthermore, since the thermal conductivity of polycrystalline Si0 2 is considerably small, generated heat does 
not efficiently diffuse. As a result, the threshold value for laser oscillation increases and the life of the light emitting 
io device is shortened. 

[0149] Therefore, in the present embodiment, the burying layer 4015 is formed by using polycrystalline ZnO as a 
material which can be formed with good adhesion on the epitaxial layer in the ll-VI group semiconductor laser structure, 
has high thermal conductivity, and has small refractive index so that it can possibly be used for light confinement. 
[0150] The ZnO layer used as a material for the insulating burying layer in the present invention is one of ll-VI group 
is compound semiconductor materials, and has extremely excellent adhesiveness for materials such as ZnSe, ZnSSe, 
and ZnMgSSe. It also has excellent anti-acid and anti-oxidation properties. Furthermore, it has almost zero water 
absorption property and excels in the stability of shape and dimensions. 

[0151] Moreover, ZnO has extremely a good thermal conductive property and its thermal conductivity is almost 30 
times that of Si0 2 . Therefore, by using ZnO as the insulating burying layer, heat generated in the active layer efficiently 
20 diffuses through the ZnO insulating burying layer. 

[0152] Furthermore, ZnO has a smaller refractive index compared with ZnSe, ZnSSe, ZnMgSSe, etc., and the differ- 
ence therebetween is in the preferable range. 

[0153] Specifically, the refractive index of the cladding layer is typically about 2.5 to 2.6, while that of the ZnO layer 
constituting the insulating burying layer is typically about 2.2. When a difference of refractive index between the clad- 

25 ding layer and the insulating burying layer is in much a range, a stable single transverse mode laser oscillation is 
achieved even with a cladding layer having a cylindrical portion with an enlarged diameter as large as 5 to 10 nm. Con- 
trary to the above, the conventional Si0 2 insulating burying layer typically has a refractive index of about 1 .4, resulting 
in a large difference with respect to the refractive index of the cladding layer. As a result, in order to achieve a stable 
single transverse mode laser oscillation, the diameter of the cylindrical portion in the cladding layer has to be reduced 

30 to about 2 um. it is, however, difficult to fabricate the cylindrical portion with such a small diameter. 

[0154] Thus, the ZnO insulating burying layer effectively functions as a light confinement layer in the lateral direction. 
[01 55] In the above description, sputtering is used for forming the polycrystalline ZnO burying layer 401 5 and the mul- 
tifilm reflecting mirrors 401 7p and 401 7n constituted of polycrystalline Si0 2 layers and polycrystalline Ti0 2 layers. How- 
ever, in order to increase the depositing rates of these layers even in a case where the process temperature is 

35 sufficiently low, it is effective to introduce oxygen in plasma form to the sputtering apparatus as described in conjunction 
with the first embodiment with Figure 3 being referred to. The oxygen which turns into plasma by the electrical discharge 
is taken into a film such as ZnO deposited on the ll-VI group semiconductor substrate. This can prevent the oxygen in 
the deposited film from dropping out, and a good quality film can be obtained. Furthermore, even in a low process tem- 
perature, the depositing rate of the film such as ZnO increases several times than of the depositing method of the con- 

40 ventional art. 

[0156] Particularly in the T^ film, when oxygen drops out from a film during the sputtering step, the absorption edge 
shifts toward the longer wavelength side. As a result, the absorption loss with respect to wavelengths of blue laser light 
increases, which then introduces the decrease in the reflectivity of the multifilm reflecting mirrors 401 7p and 401 7n. On 
the other hand, by introducing oxygen into the sputtering step, the drop out of the oxygen can be suppressed. As a 
45 result, the reflectivity of the multifilm reflecting mirrors 4017p and 401 7n constituted of the polycrystalline Si0 2 layers 
and the polycryatalline Ti0 2 layers can be raised. For example, in the present embodiment, in the multifilm structure 
made of polycrystalline Si0 2 layers and polycrystalline Ti0 2 layers deposited with the periodicity of the total of eight, a 
reflectivity higher than 99% for a 490 nm wavelength can be obtained. 

[0157] Figure 21 is a graph illustrating the reflectivity distribution over wavelengths of the multilayer reflecting film 
so formed in accordance with the present embodiment. From this result, it can be said that the multifilm reflecting mirrors 
401 7p and 401 7n which have good controllability on the film thickness, from which the drop-out, of oxygen is sup- 
pressed, and which has large reflectivity, is obtained from the multifilm constituted of polycrystalline Si0 2 layers and 
polycrystalline Ti0 2 layers according to the present embodiment. Therefore, the multifilm reflecting mirrors 4017p and 
401 7n which are formed in accordance with the present embodiment are considerably effective as the reflecting mirrors 
55 for a vertical resonator type semiconductor laser which must have an extremely large reflectivity. 

[0158] As described above, the n type AuGeNi electrode 4018 is used in the present embodiment for the reasons 
below. 

[01 59] In order to facilitate the photolithographic process toward the rear surface of the semiconductor laser, In stick- 
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ing to the Si-doped n type GaAs substrate 401 1 is removed and then the etching is conducted. That is, in order to con- 
duct the above process, a now n type electrode must be fabricated because the In used for an attachment purpose 
during crystal growth cannot be used directly as the n type electrode. Since a ZnSe series ll-VI group semiconductor 
generally grows at a low temperature which is lower than 300°C, it is necessary to form an ohmic contact at a process 
5 temperature (sinter temperature) as low as possible. For that purpose, it is effective to form the electrode 4018 from n 
type AuGeNL 

[0160] Table 1 lists the heat treatment temperatures required for the forming process (i.e., process temperature) and 
the contact resistances obtained thereby for a variety of metal materials which can be used as the constituting material 
of the electrode. From the table, when the multilayer structure of AuGeNi is used, an excellent ohmic contact is obtained 
10 by the heat treatment at 230°C for five minutes, and the contact resistance is then about 5 x 1 0" 3 n • cm 2 . 



TABLE 1 



Material 


InSn 


AuSn 


AuGeNi 


AuGe 


Process temperature (°C) 


275 


245 


230 


275 


Contact resistance (Cl • cm 2 ) 


1.84 x 10" 2 


4.15 x 10~ 2 


5.00 x 10' 3 


8.18 x 10" 3 



so Example 5 

[0161 ] A semiconductor laser 500 according to a fifth embodiment of the present invention will be described with ref- 
erence to the figures. 

[0162] The semiconductor laser 500 of the present embodiment is a blue surface emitting laser using an active layer 
25 made of a ZnMgSSe epitaxial layer and a ZnSe well layer in a ll-VI group semiconductor laser structure. Because of 
this structure, epitaxial growth of the ll-VI group semiconductor material on the GaAs substrate, which lattice-matches 
thereto, is possible. Thus, crystal quality further improves, which is advantageous to laser oscillation at room tempera- 
ture. Furthermore, since the ZnSe well layer can be used in the active layer, the laser oscillation wavelength at a room 
temperature can further be made small. 
30 [0163] Figures 22A to 22C illustrate the structure of a vertical resonator type blue semiconductor laser 500 using a 
ZnSe series ll-VI group semiconductor according to the present embodiment. Specifically, Figure 22A is an isometric 
view illustrating the appearance of the semiconductor laser 500, and Figure 22B is a cross-sectional view taken along 
the line 22B-22B in Figure 22A. Moreover, Figure 22C three<limensionally shows the cross-section illustrated in Figure 
22B. 

35 [0164] In the semiconductor laser 500, a Cl-doped n type ZnMgSSe epitaxial layer (cladding layer) 5112, amultiquan- 
tum well layer 5113 which is constituted of ZnSe well layers and ZnMgSSe barrier layers and functions as an active 
layer, and an N-doped p type ZnMgSSe epitaxial layer (cladding layer) 51 14 are deposited in this order on an Si-doped 
n type GaAs substrate 511 1 . Disposed on both sides of the p type ZnMgSSe epitaxial layer 5114 is a polycrystalline 
ZnO burying layer 51 15 to constrict current. Multifilm reflecting mirrors 5117p and 5117n are formed on the p type ZnM- 

40 gSSe epitaxial layer 5114 and on the surface of the n type ZnMgSSe layer 5112 exposed by etching a part of GaAs 
substrate 51 1 1 , respectively, and they function as reflecting mirrors for obtaining laser oscillation. Furthermore, a p type 
AuPd electrode 5116 is formed on the ZnO burying layer 5115 so as to cover the reflecting mirror 5117p, and on the 
other hand, an n type AuGeNi electrode 51 18 is provided on the rear surface of the n type GaAs substrate 51 1 1 . 
[0165] In the isometric view of Figure 22 A, the reflecting mirror 5117p is invisible as it is covered with the electrode 

45 5116. The reflecting mirror 5117n is also invisible in Figure 22A which is formed at the location corresponding to the 
bottom of the aperture (window) 51 1 9 provided at the center of the GaAs substrate 51 1 1 . From Figure 22C, it can be 
seen that the reflecting mirror 51 1 7p is cylindrical in shape. The oscillated laser light is emitted in a direction indicated 
with an arrow, through the aperture 51 1 9 of the GaAs substrate 51 1 1 . 

[0166] In the present embodiment the Cl-doped n type ZnMgSSe epitaxial layer 51 1 2 and the N-doped p type ZnM- 
50 gSSe epitaxial layer 51 1 4 can be grown and lattice-matched with the GaAs substrate 51 1 1 . Therefore, an epitaxial layer 
of high quality can be obtained. As a result, laser oscillation at a room temperature can be obtained. The threshold cur- 
rent is about 3 mA and is also extremely small in this case. Moreover, the laser oscillation wavelength is 464 nm, which 
is shorter than that of the semiconductor laser 100 in the first embodiment. Furthermore, a radiation angle of about 7° 
is obtained, which is extremely small. 

55 

Example 6 

[0167] A semiconductor laser 600 of a sixth embodiment of the present invention will be described with reference to 
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the figures. 

[0168] The semiconductor laser 600 of the present embodiment is a blue surface emitting laser using a ZnMgSSe 
epitaxial layer as a burying layer. In the present embodiment, an Si0 2 mask of a cylindrical shape (16 *im diameter) is 
first formed on the N-doped p type ZnSe epitaxial layer 6124 and, then, using it as a mask, the N-doped p type ZnSe 
5 epitaxial layer 61 24 is etched. By epitaxially growing the ZnMgSSe epitaxial layer 6125 thereafter with the Si0 2 being 
left thereon, the ZnMgSSe is selectively grown only on the etched area since ZnMgSSe does not grow on the Si0 2 
mask. Consequently, the burying structure by the ZnMgSSe epitaxial layer 6125 is formed. 

[0169] Figures 23A to 23C illustrate the structure of a vertical resonator type blue semiconductor laser 600 using a 
ZnSe series ll-VI group semiconductor according to the present embodiment. Specifically, Figure 23A is an isometric 
10 view illustrating the appearance of the semiconductor laser 600, and Figure 23B is a cross-sectional view taken along 
the line 23B-23B in Figure 23A. Moreover, Figure 23C three-dimensionally shows the cross-section illustrated in Figure 
23B. 

[0170] In the semiconductor laser 600, a Cl-doped n type ZnSe epitaxial layer (cladding layer) 6122, a multiquantum 
well layer 61 23 which is constituted of ZnCdSe well layers and ZnSe barrier layers and functions as an active layer, and 

15 an N-doped p type ZnSe epitaxial layer (cladding layer) 6124 are deposited in this order on an Si-doped n type GaAs 
substrate 6121. Disposed on both sides of the p type ZnSe epitaxial layer 6124 is a ZnMgSSe epitaxial layer 6125 as 
a burying layer to constrict current. Multif ilm reflecting mirrors 61 27p and 61 27n are formed on the p type ZnSe epitaxial 
layer 6124 and on the surface of the n type ZnSe layer 6122 exposed by etching a part of GaAs substrate 6121 , respec- 
tively, and they function as reflecting mirrors for obtaining laser oscillation. Furthermore, a p type AuPd electrode 6126 

20 is formed on the burying layer (AnMgSSe epitaxial layer) 6125 so as to cover the reflecting mirror 6127p, and on the 
other hand, an n type AuGeNi electrode 6128 is provided on the rear surface of the n type GaAs substrate 6121 . 
[0171] In the isometric view of Figure 23 A, the reflecting mirror 6127p is invisible as it is covered with the electrode 
6126. The reflecting mirror 6127n is also invisible in Figure 23A which is formed at the location corresponding to the 
bottom of the center of the GaAs substrate 6121. From Figure 23C. it can be seen that the reflecting mirror 6127p is 

25 cylindrical in shape. 

[0172] The ZnMgSSe epitaxial layer 6125 is thermally more highly conductive than polycrystals or the like. Conse- 
quently, by using the ZnMgSSe epitaxial layer 6125 as the burying layer 6125 to current constriction, the thermal diffu- 
sion during laser oscillation is conducted more efficiently, and the realization of smaller threshold current and higher 
laser output can further be put forward. 

30 

Example 7 

[0173] A semiconductor laser 700 in a seventh embodiment of the present invention will be described with reference 
to the figures. 

35 [0174] The semiconductor laser 700 of the present embodiment is a blue surface emitting laser having a multif ilm 
reflecting mirror constituted of a ZnMgSSe epitaxial layer and a ZnSe epitaxial layer. 

[01 75] The polycrystalline Si0 2 layer and the polycrystaliine Ti0 2 layer which are used as the materials for the multi- 
film reflecting mirrors in the embodiments described so far are insulators. As a result, current cannot be injected through 
the multfilm reflecting mirror constituted of these materials. However, when a multifilm reflecting mirror constituted of 
40 the ZnMgSSe epitaxial layer and the ZnSe epitaxial layer are added with appropriate impurities, conductivity can be 
obtained, and current injection therethrough becomes possible. As a result, efficient current constriction becomes pos- 
sible and the reduction of the threshold current can be realized. 

[0176] Figures 24A to 24C illustrate a structure of a vertical resonator type blue semiconductor laser 700 using a 
ZnSe series ll-VI group semiconductor according to the present embodiment. Specifically, Figure 24A is an isometric 
45 view illustrating the appearance of the semiconductor laser 700, and Figure 24B is a cross-sectional view taken along 
the line 24B-24B in Figure 24A. Moreover, Figure 24C three-dimensionally shows the cross-section illustrated in Figure 
24B. 

[0177] In the semiconductor laser 700. an n type multifilm reflecting mirror 71 32n constituted of a CWoped ZnMgSSe 
epitaxial layer and a ZnSe epitaxial layer, a ZnCdS active layer 71 33, and a p type multifilm reflecting mirror 71 32p con- 
so stituted of an N-doped ZnMgSSe epitaxial layer and a ZnSe epitaxial layer are deposited in this order on an Si-doped 
n type GaAs substrate 7131 . Disposed on both sides of the active layer 71 33 is a polycrystalline ZnO burying layer 71 34 
for constricting current. Furthermore, a p type AuPd electrode 7135 is formed on the ZnO burying layer 7134, and on 
the other hand, an n type AuGeNi electrode 71 36 is provided on the rear surface of the n type GaAs substrate 71 31 
[0178] As described above, in the fourth to seventh embodiments of the present invention, current can effectively be 
55 injected into the active layer region interposed between the multifilm reflecting mirror and further be constricted, due to 
the above-mentioned structure of the vertical resonator type blue semiconductor laser. The vertical resonator type blue 
semiconductor laser of current driven type can thereby be obtained. 

[0179] Moreover, etching which inflicts less damage to the ll-VI group semiconductor material layer constituting the 
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vertical resonator type blue semiconductor laser but has a high etching rate and excellent verticality becomes possible. 
As a result, it becomes possible to form a structure which effectively constricts current. 

[0180] Furthermore, in the multifilm reflecting mirror of the present invention which is constituted of a polycrystalline 
Si0 2 layer and a polycrystalline TiC^, the difference between the refractive indices of Si0 2 and Ti0 2 is large. Further- 
s more, by preventing the drop out of oxygen in the Ti0 2 , sufficient transmittance toward wavelengths in blue region can 
be achieved. High reflectivity can thereby be obtained. 

[0181 ] Moreover, the reflecting mirror of multilayer film made of the polycrystalline Si0 2 layer and the poly crystalline 
Ti0 2 layer is also formed against the Cl-doped n type ZnSe epitaxial layer Thus, a window from which the laser output 
is taken out can be formed by removing a part of the rear surface of the GaAs substrate, and the surface of the Cl-doped 
io n type ZnSe epitaxial layer can be formed extremely smooth so as not to reduce the reflectivity 

[01 82] Moreover, an electrode for the n type GaAs can be formed in low temperature process after forming the window 
from which the laser light is emitted. 

[0183] In the structure of the vertical resonator type blue semiconductor laser of the present invention described 
above, current can effectively injected into the active layer region interposed between the multilayer film reflecting mirror 
75 and be further constricted. Because of this structure, the gain can be made large. As a result, the vertical resonator type 
blue semiconductor laser of current driven type is thereby obtained. 

[0184] Moreover, complying with the present invention, a high etching rate can be realized while reducing the damage 
inflicted upon the semiconductor material during the etching of the ll-VI group semiconductor material, and the process- 
ing with excellent verticality becomes possible. Because of this, a smoothly etched lateral surface can be obtained. As 
20 a result, a structure which effectively constricts the current can be fabricated and, at the same time, the threshold cur- 
rent can be reduced. 

[0185] Since high reflectivity can be obtained in the multilayer film reflecting mirror constituted of the polycrystalline 
Si0 2 layer and the polycrystalline Ti0 2 because of the large difference of the refractive indices between the Si0 2 and 
the Ti0 2 . the threshold current can be reduced. Moreover, by preventing the drop out of the oxygen in the Ti0 2 . the 

25 transmittance against the wavelengths in blue region can be achieved. 

[0186] Furthermore, according to the present invention, when a window from which the laser output is taken out is 
formed by removing a part of the rear surface of the GaAs substrate of the semiconductor laser and the multilayer film 
reflecting mirror constituted of the polycrystalline Si0 2 layer and the polycrystalline Ti0 2 layer is formed against the Cl- 
doped n type ZnSe epitaxial layer, the surface of the Cl-doped n type ZnSe epitaxial layer can be formed extremely 

30 smooth. Because of this, the decrease in the reflectivity due to optical scattering can be controlled, and the threshold 
current can be reduced. 

[0187] Furthermore, it becomes possible to form the electrode which makes contact with the n type GaAs through low 
contact resistance in low temperature process after forming the window from which laser light is emitted. As a result, 
the drive current can be reduced. 
35 [0188] Various other modifications will be apparent to and can be readily made by those skilled in the art without 
departing from the scope and spirit of this invention. Accordingly, it is not intended that the scope of the claims 
appended hereto be limited to the description as set forth herein, but rather that the claims be broadly construed. 

Claims 

40 

1. A semiconductor light emitting device comprising a ll-VI group semiconductor epitaxial layer, wherein the ll-VI 
group semiconductor epitaxial layer further includes a layer containing oxygen atoms at 1 x 10 14 cm' 3 or more. 

2. A semiconductor light emitting device according to claim 1 , wherein the ll-VI group semiconductor epitaxial layer is 
45 a laser structure. 

3. A semiconductor light emitting device comprising: 

an active layer made of a ll-VI group compound semiconductor; 
so an upper cladding layer and a lower cladding layer respectively made of a ll-VI group compound semiconduc- 

tor which are formed so as to interpose the active layer therebetween; and 

a burying layer formed on the upper cladding layer, an oxygen ion being implanted into the burying layer. 

4. A semiconductor light emitting device comprising: 

55 

a substrate; and 

an n type cladding layer, an active layer, a p type cladding layer and a p type contact layer, respectively made 
of a ll-VI group compound semiconductor, which are epitaxially grown in this order on the substrate, 
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wherein the p type contact layer is formed in a stripe-shape, and 

a burying layer into which an oxygen ion is implanted is further formed on both portions of the p type cladding 
layer which are located on both sides of the stripe-shaped p type contact layer. 

5 5. A method for fabricating a semiconductor light emitting device, comprising the step of implanting an oxygen ion into 
a predetermined region of a ll-VI group semiconductor epitaxial layer to form a burying layer. 

6. A method for fabricating a semiconductor light emitting device, comprising the steps of: 

10 epitaxially growing, on a substrate, an n type cladding layer, an active layer, a p type cladding layer and a p type 

contact layer in this order, respectively made of a ll-VI group compound semiconductor; 
etching the p type contact layer into a striped shape; and 

implanting an oxygen ion into predetermined regions of the p type cladding layer which are located on both 
sides of the stripe-shaped p type contact layer to form a burying layer. 
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FIG. 2 A 
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FIG. 8 
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